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Abstract

The true burden (morbidity, mortality, disability, cost, pain, distress) of occupational and work-
related diseases and injuries is unknown, and what is reported as burden is significantly
underestimated. This underestimation affects the way decision-makers view investments in
research and worker protection, which in turn has a substantial impact on national welfare and
public health. To better describe the societal and individual burdens of occupational and work-
related diseases and injuries, we propose an approach to gauge what is known about burden and
where new assessments may be made.

This approach consists of 4 elements to consider in burden assessments: (1) utilizing multiple
domains, including the individual worker, the worker’s family, the community in which the
workplace is located, the employer, and society as a whole; (2) taking a broader view of the work-
relatedness of disease and injury; (3) assessing the impact of the entire working-life continuum;
and (4) applying the comprehensive concept of “well-being” as an indicator in addressing
contemporary changes in the nature of work, the workplace, and the workforce.

Further research on burden and enhanced surveillance is needed to develop these elements.

The hazards associated with work have broad national and public health impact; however,
the health, economic, and social consequences of occupational and work-related diseases
and injuries—the burden resulting from hazards encountered while working—have not been
characterized comprehensively. Changes in the nature of work, the workforce, and the
workplace have increased the difficulty of such a characterization, and structural and
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technology-driven shifts in the modern economy require new approaches to assessing the
burden of work and work hazards.1~3 Understanding the broad consequences of disease,
injury, and distress resulting from work is critical to enabling policymakers and employers to
target appropriate levels of resources toward research, prevention, and risk management.3->

The burden of occupational and work-related diseases, injuries, and distress is the impact of
these conditions as measured by morbidity, mortality, disability, economic cost, or other
indicators.5-2 The box on the next page shows the major burden indicators of work-related
disease, injury, and distress. Estimating this burden is a complex task. Despite indicating
significant human tragedy, burden is woefully underestimated in terms of its magnitude,
dimensionality, and societal impact. The burden of occupational and work-related disease
and injury is underappreciated and not well used in decision-making.*-6

Various partial indicators illustrate that the identified burden of work-related disease and
injury is substantial.>=13 For example, one study estimated that the United States spent $250
billion in 2007 for medical costs and productivity losses’; another study, which used
monetized quality-adjusted life-years to assess reductions of the overall health of the
employed population aged 18 to 88, estimated annual costs of $340 billion in the mining
sector and $14.8 trillion in the services sector.8 Globally, in 2012, it is estimated that 2.3
million workers died for reasons attributed to work; more than 2 million of those deaths
were from diseases.?

Most burden estimates inadequately capture chronic diseases caused or aggravated by work
(even if they are fatal), nonfatal diseases or injuries from work exposures, and conditions
that are caused by exposures to psychosocial hazards.87%:10 Burden is commonly estimated
on the societal level for narrowly defined conditions and is directly tied to specific
workplace exposures that have been included in epidemiological studies.®:” Estimates have
not taken into account the burden of disease that may result from all workplace exposures,
whether acting alone, in combination with one another, or in conjunction with exposures
from other life domains.

Fatal injury estimates, which have been the main driver of burden analyses, are widely
considered more accurate than those for nonfatal injury estimates.*~8 Nevertheless, nonfatal
occupational injuries and acute illnesses may be at least 5 to 10 times more common than
indicated by national statistics.1! Occupational disease and injury statistics have been shown
to be influenced by underrecognition, underreporting, and undercounting.4-6

Many diseases are not commonly included in occupational burden analyses because it is
difficult to identify the specific exposure or cause of an adverse health effect when the time
lag or latency between exposure and disease is years or even decades. Therefore, a large
number of adverse health effects, such as musculoskeletal disorders, cancer, and mental
health, pulmonary, and cardiovascular diseases and their economic and social impact, are
often left out of some burden assessments, as is the broad complex area of work-related
distress, which addresses anguish, anxiety, pain, and suffering.#-10

In addition, costs derived from workers’ compensation data do not include the associated
“hidden” personal health expenses, wage losses, and Social Security disability benefit
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payments.>12 Beyond the consequences of disease and injury that are expressed as cases,
rates, costs, and reduction in health-related quality of life metrics, there are many other
consequences suffered by workers, their families, employers, and society overall, including
the examples given in Figure 1. The burdens in all of these domains have not been assessed
comprehensively.

AN APPROACH FOR ASSESSING BURDEN

The approach introduced in the following sections provides perspectives that could be useful
in improving burden estimates. This approach is designed to encompass the many
dimensions of burden on people and organizations, the resultant burden from different
aspects of work and workplace hazards, and the changes that affect burden over a working
lifetime. Accounting for all of these aspects of burden individually and comprehensively is
the contribution of this approach.

Utilization of Multiple Domains

As noted previously,*~" a narrow view of burden of occupational disease and injury, with an
emphasis on injury, heretofore has been the norm. A more accurate accounting of burden
should include a broader range of considerations. The burden of occupational and work-
related disease and injury is multidimensional (Figure 1) and substantially affects not only
workers but also their families, employers, communities, and society.8:9-13 For each of these
groups, the burden occurs in and across many different realms: physical, psychosocial,
functional, economic, and legal. Although the burden is generated in the worker’s domain, it
spills over to all others. In particular, the burden on workers, their families, and employers is
also felt in their communities.}1-13 A study of the work-related disease and injury burden in
Australia, based on 2008 to 2009 data, showed that the community bore 21% of the
economic burden (which included social welfare payments, medical and health scheme
costs, and loss of potential output and revenue).13 These issues present a challenge for
researchers, public health professionals, and policymakers to gather data of different types
from all of the domains of burden, which may include both quantitative measures (such as
costs and mortality and morbidity statistics) and qualitative metrics (such as from interviews
and focus groups of workers discussing issues such as the impact of emotional stress and
pain on their lives).1* Portraying these data coherently and comprehensively will require
research and development.26:9.10.13.14 Dempe has described a comprehensive approach to
assess the complex and multifactorial social consequences of occupational disease and
injury, which could serve as the foundation for burden assessments.14

A Broader View of Disease and Injury

To better understand the limitations of current burden estimates, it is helpful to consider
terminology commonly used to describe the relationship of work and work hazards to
disease, injury, and other adverse health outcomes. Two terms used frequently in the
discussion of burden are occupational disease and injury and work-related disease and
injury.1:15 The term “occupational disease and injury” is often used to describe morbidity,
mortality, and injury caused by single identifiable and measurable physical, chemical,
biological, and psychosocial exposures in the workplace and, more recently, the
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intensification and organization of work. Examples are mesothelioma and coal miners’
pneumoconiosis, conditions which are directly attributable to a workplace exposure to
asbestos and coal mine dust, respectively.

The second term, “work-related disease and injury,” is used to describe multifactorial
diseases and injuries in which the work environment plays a partial role in causation or leads
to the aggravation of any existing disease of nonoccupational origin.1®> Examples of work-
related disease include musculoskeletal and chronic nonspecific respiratory, mental health,
and various cardiovascular disorders.6:7.:9:13.15

The spectrum of diseases caused or exacerbated by work can and should be considered,
because the associated burden on workers, their families, employers, the community, and
society is expected to be large.5-1° Consequently, there is a need for a broader consideration
of the interaction of work and nonwork factors.24 Many diseases and injuries experienced by
working people are multifactorial, especially as these people age. Many of the health
conditions (such as hearing loss and arthritis) most prevalent in workers are not caused
solely by workplace hazards.1:1® For counting and attribution purposes, the separation of
work and nonwork is artificial, and such compartmentalization leads to undercounting and
underreporting of health conditions that are substantially, but not exclusively, related to
work. A more comprehensive understanding of burden is required to ensure effective
prevention and control.

Accounting for multifactorial hazards where work plays a role requires a comprehensive
approach.1* To advance such an approach, combinatorial models have been developed to
describe the interaction of occupational and individual risk factors.1® These models describe
(1) independent effects, (2) effect modification of an individual risk factor on an
occupational exposure—disease association, (3) effect modification of an occupational risk
factor on a individual risk factor—disease association, and (4) the interrelationship of 2 or
more separate pathways. Additionally, some individual risk factors, such as obesity, can also
be the result of workplace risk factors.16

A comprehensive description of burden that includes both the traditional occupational
diseases and injuries and those that are work-related is becoming more attainable as
concepts of work-related disease and injury evolve.1-3:14.17-19 |ntegral to various definitions
is understanding the extent of the contribution of work.

A critical issue in the use of the concept of work-relatedness is how to assess the role of
individual risk factors in diseases or disorders that have multiple interacting risk factors.
This is illustrated in public health administrative programs such as the US federal program
to compensate cancer victims who worked downwind of atomic bomb tests or in litigation
related to injured individuals or groups.?% Various methods have been designed for
allocating the total risk among individual risk factors to obtain what has been called the
“partial attributable risk.”20 Ideally, work-related burden could be compiled from such a
value, as has been done with attributable risk. In considering the total population, assessment
of burden of work-related disease and injury requires thinking of the combinatorial patterns
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of many types of risk factors. The potential to pursue this is challenged by the dearth of data
needed to conduct such analyses.

Assessment of the Working-Life Continuum

A rich literature describes the changing nature of work, the workforce, and the
workplace.1-3.17-19 To better capture the burden of work-related disease and injury, it is
necessary to examine both the occupational and work-related components of burden within
the context of an individual’s entire working life.2:21-25 This is the continuum from prework
to postwork periods, and it generally involves many jobs and periods of employment.24 US
Bureau of Labor Statistics data for workers (born between 1957 and 1969) aged 18 to 48
years indicate that, on average, US workers have 11.7 paying jobs in their lifetime.26 Given
that many people start working before the age of 18 years and continue to work well beyond
age 48 years, this is likely an underestimate of the number of job changes an individual,
particularly ones born in the 21st century, will experience.126 On the front end of the
continuum, approximately 80% of young people begin working while still in high school,
before the age of 18 years. On the back end of the age continuum, the 20th-century trend
toward earlier retirement has reversed, and now a growing number of US persons are
working longer and later in life.26

According to the Bureau of Labor Statistics, the US labor force will continue to age; the
average growth rate of workers aged 55 years and older is projected to increase 1.8%
annually, more than 3 times the rate of growth in the overall labor force. The share of the US
labor force for workers aged 55 years and older is anticipated to be nearly 25% in 2024
(http://www.bls.gov/opub/mir/2015/article/labor-force-projections-to-2024-1.htm). In
addition, workers often do not immediately switch from one job to the next, so they will
likely experience multiple pre- and postemployment periods throughout their working lives.
On average, during ages 18 through 48 years, workers will have 5.6 periods of
unemployment; the length, duration, and frequency of unemployment increases as
educational level decreases (https://www.bls.gov/nls/nisfags.htm).! However, it is clear that
many people will be in and out of work over their working lives, which can be stressful and
possibly have various health and psychosocial effects.2:18:19 The discontinuities and
distresses of working life are “hazards” of work. They can result in adverse health effects
and need to be considered along with traditional occupational safety and health hazards.21-24

Furthermore, approximately 93 million US persons aged 16 years or older were not in the
workforce in 2015 (http://www.bls.gov/news.release/pdf/empsit.pdf), mainly because of
retirement, school, and disability (http://www.data.bls.gov/timeseries/LNS//300000).
However, individuals in each of these unemployment categories may move in and out of the
labor force.18.23.24

In addition to periods of unemployment, many workers face underemployment. This is
defined as not having enough adequately paid work or not doing work that makes full use of
skills or abilities. Friedland and Price delineate 4 categories of underemployment:

. Hours-based—involuntarily working less than full-time,

. Income-based—a less-than-livable wage even if working full-time,
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. Skill-based—a job that does not enable skills and training to be used, and

. Status-based—a job that provides less job status than expected on the basis of
background.2®

Income-based underemployment has been particularly identified as a potential occupational
health hazard.2”

It is also important to consider the impact on workers of some nonstandard employment
arrangements and of “precarious employment,” which is defined as an insecure relation to
work.13.17-19 The potential effects of different employment arrangements are poorly
understood, but evidence related to some of these effects is accumulating.3:17-19

As depicted in Figure 2,28 working life is a dynamic continuum that spans all periods of
employment, unemployment, and underemployment, as well as the time before entering the
workforce and after retirement.2:2428 Within the context of each job, 4 factors may affect
health and overall well-being: occupational hazards and risks, work-related hazards and
risks, effects of unemployment or underemployment, and effects of different employment
arrangements. The movement in and out of employment depends on many factors pertaining
to the individual and the labor market. Ingress and egress factors can be brought together in
a concept known as “employability,” which emerged in the early 20th century in the United
States and Europe and is a concept that accounts for the full range of personal and external
factors in preventing or enabling job seekers to obtain work.2® This definition ties
employability to the other factors and conditions in Figure 2 and, ultimately, to the burden of
work-related disease and injury—including work-related stress—that is associated with
employment and unemployment.

The diminished potential to succeed in work is also an important factor in considering
burden. This has been characterized by the concept of “work ability,” which was developed
in Finland in the 1980s.30 It addresses the questions, “How good is the worker at present, in
the near future and how able is he or she to do his or her work with respect to work
demands, health, and mental resources?”3% The promotion of work ability has been shown to
have an impact on such outcomes as rehabilitation of musculoskeletal disorders, successful
aging, and productivity.30

In addition to occupational and work-related disease and injury, it is well established that
unemployment itself is a source of ill health and has adverse physical and mental health
effects.22-24 According to 1 study, job loss increases the odds of fair or poor health by 54%
and the odds of developing new health conditions among those with no preexisting
conditions by 83%.22 The association between unemployment and health is likely to be
bidirectional: unemployment may cause poor health and poor health may increase the
likelihood of unemployment.3! Underemployment appears to have health effects similar to
those of unemployment.24

The lack of access to fringe benefits, including health insurance, can also adversely affect
workers’ health and hence contribute to burden. The 2010 Affordable Care Act increased the
number of Americans with access to health insurance by expanding Medicaid and providing
tax credits and cost-sharing reductions to make private insurance coverage affordable, as
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well as eliminating the ability of insurers to deny or restrict coverage on the basis of
preexisting conditions.32 Currently, the ability to get insurance coverage is no longer
dependent on having a job that provides employer-sponsored insurance. In the first 3 months
of 2016, on average, 8.6% of US persons lacked health insurance, down from 16.0% in
2010.32 Having health insurance is associated with many factors, including an individual’s
occupation and the industry in which they work. For example, in one study, construction
workers were more likely to be uninsured (25.2%) than workers in any other sector, and
Hispanic workers and workers in small businesses accounted for the highest number of
uninsured workers.33 Lack of health insurance affects whether and when people get
preventative care and necessary medical care and, ultimately, how healthy they are.33 Access
to health insurance is also linked to job mobility.3* Consequently, workers may be dissuaded
from leaving their position because the new one may involve a new health care provider,
different costs, coverage limits, and deductibles.3* Limited job mobility may add to the
pressures a worker experiences and may affect the quality of working life and productivity.

In assessing burden, all components of working life need to be considered and investigated.
In Figure 2, it is possible to envision 3 streams of health effects: those from (1) employment
(occupational diseases and injuries, work-related diseases and injuries); (2)
underemployment, disengagement, precarious employment, or job lock; and (3)
unemployment. These effects may all be manifested at the time they first occur, but they also
may carry over from one job to the next and be cumulative. Despite evidence to support
these ideas, carryover and accumulating effects are hypotheses that require further
investigation and research.18 Additionally, it is important to note that in Figure 2, the
categories in each box have different dimensions and are used as examples in the absence of
a more comprehensive system of classification of different employment arrangements. In
addition, under each one of the existing categories in the jobs in Figure 2, a worker may or
may not have a living wage or access to a variety of fringe benefits, which may also
contribute to overall burden.

“Well-Being” as a Burden Indicator

The interactions of risk factors that can be derived from the 4 combinatorial models to
address occupational and work-related diseases and injuries (described in section “A
Broader View of Work-Related Disease and Injury”) may be too narrow to capture the full
impact of the changing nature of work, the workforce, and the workplace.16 A more
comprehensive indicator is needed. The concept of “well-being” has been suggested as a
possible comprehensive burden indicator when it is lacking or absent altogether.35 However,
this approach presents challenges because there is no consensus on how to define well-being
for burden applications, and it is rarely defined for functional use.3> Well-being has been
broadly conceptualized as flourishing and aspiring to a good life; it has been characterized
by happiness, life satisfaction, positive emotion, and self-determination. It includes health,
but it goes beyond that and has been linked to individual, enterprise, and national
productivity, lower health care costs, reduced injury and illness, and lower rates of
absenteeism and presenteeism.10:35 If well-being is to be a useful concept in occupational
safety and health burden assessments, there are definitional questions to address as well as
complex methodological issues to resolve about how to capture differences over time and
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among people.3° Consideration of well-being and the lack or absence of it may be what is
needed to identify the appropriate parameters related to work, workplace hazards, and
individual risk factors that lead to burden for workers, their families, employers,
communities, and society. The challenge is how to institute well-being determinations on an
ongoing basis and how to interpret differences in well-being among individuals and groups
in relation to their work.

RESEARCH NEEDS

Developing a comprehensive approach to burden will depend on achieving a more far-
reaching and complete quantification of burden and formulating ways to communicate it
effectively. Of particular importance is how to attribute and quantify the adverse effects of
exposures to work and work-related hazards over a life course. The box on the next page
lists some major information and research needs for each element of burden included in the
approach. Ultimately, the critical question is how to integrate all these measures of burden.

PERSPECTIVE

The actual burden of occupational and work-related disease and injury needs to be more
thoroughly investigated and communicated before it can fully inform policy considerations
at both the workplace and public policy levels. The issues that arise from inadequate burden
estimation limit the ability of decision-makers to initiate and prioritize targeted interventions
and result in an inability to evaluate the effectiveness of those interventions.#:36 Ultimately,
the importance of documenting burden is to use it to plan investment in occupational safety
and health risk prevention, risk management, and research and to prompt decision-makers to
allocate funds for such investments. Understanding of the extent of occupational and work-
related disease and injury burden, and more clearly and widely communicating this burden,
will better inform decision-making.

The importance of understanding the interaction between work and nonwork is increasingly
supported.® There might, however, be concerns that attention to nonwork factors dilutes
precious resources dedicated to traditional occupational safety and health issues and that
attention may be shifted from the employer’s responsibility of providing a safe and healthy
workplace to an individual worker’s personal risk factors.3” The consideration of
occupational and personal risk factors must be predicated on “the primacy of traditional
health protection which prioritizes employer responsibilities for the organization of work
over individual health behaviors,”38(P346)

The concerns about the interaction of work and nonwork factors could be addressed by
having an accurate and comprehensive understanding of burden, to ensure appropriate focus
on controlling or eliminating workplace exposures to better address both occupational and
work-related disease and injury and to sustain the health and well-being of workers.38
Although a comprehensive view of the burden of occupational and work-related injuries and
disease is an important objective, it should always be recognized that underlying this burden
is the inherent right of workers to a safe and healthy workplace and that investments and
controls need to be provided regardless of burden calculations.3?
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There are several reasons why the various sources of burden are not viewed comprehensively
and are underreported. First, the current investment—intellectual, academic, and economic
—may not be sufficient to advance burden assessments. In particular, the quality and
quantity of data that would be useful in burden estimation are inadequate. A lack of
multifactorial and multilevel research minimizes not only the availability of appropriate data
for use in burden calculations but also the pressure to invest in collecting a broad range of
burden statistics. Moreover, the availability of different types of burden data will depend on
the extent to which surveillance, archival, and other infrastructural resources are funded and
developed.

Second, developing standardized methods to integrate different types of burden data in
composite indicators remains a challenge.® It may be that developing a composite indicator
of burden is not feasible in some cases. However, even presentation of multiple burden
metrics, such as in a summarized “dashboard” fashion, is useful and should be considered.
Progress can be made if there is a more concerted effort to develop comprehensive burden
indicators. Researchers in occupational safety and health and related fields, such as the
sociology of work, organizational psychology, economics, political science, and human
resources, could more forcefully portray the full magnitude and extent of the burden of
work, work hazards, work life, and their impact on public health and national welfare.

In summary, decision-makers on the enterprise and societal levels are not widely aware of
the burden of work-related injury, illness, and distress, and therefore have not moved to
support the need to address these issues in a comprehensive way, even though existing
partial estimates of the burden—particularly economic ones—related to work and work-
related hazards have shown it to be significant.5-12 However, worldwide attention to these
burden issues is growing.>-13:19.21 Fyrther utilization of the approach we describe could lead
to the development of a more comprehensive understanding of the burden of work and
workplace hazards and provide useful information for enterprise and national investment
priorities.
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USEFUL INDICATORS OF BURDEN OF OCCUPATIONAL DISEASE, INJURY,
AND DISTRESS

Attributable fraction

Morbidity rates and counts (incidence or prevalence based)

Mortality rates and counts

Fatality rates and counts

Injury rates and counts (incidence or prevalence based)

Disability rates and counts (incidence or prevalence based)

Disability-adjusted life-years (incidence or prevalence based)

* Years of life lived with disability

« Years of life lost

Quality-adjusted life-years

Medical costs incurred by workers, families, employers, insurance and disability systems, and society

Business costs

Productivity losses incurred by workers, families, employers, insurance and disability systems, and society
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IMPORTANT RESEARCH AND DATA NEEDS IN EACH ELEMENT OF THE

BURDEN APPROACH

Multiple Domains

Determine how to integrate diverse indicators of burden.

Develop qualitative descriptions of burden and determine how to integrate them with quantitative
assessments.

Determine to what extent family economic and health status are related to risk and occurrence of
injury at work.

Identify how worker disease, injury, or distress affects productivity of an enterprise.
Identify new sources of surveillance data to support burden determinations.

Identify the cross-generational impact of adverse work effects.

Broader View of Work-Relatedness

Identify mechanisms of interactions of occupational and personal risk factors.
Study how to attribute occupational and work-related hazards to adverse effects.
Determine how work may affect the incidence and severity of chronic disease.
Characterize the role of work in affecting the impact of personal risk factors.

Determine what approaches are useful for considering the role of work in conjunction with other
factors that adversely affect worker health.

Identify sources of information for adverse effects in work-related conditions.

Entire Working-Life Continuum

Determine if the adverse effects of underemployment and unemployment are cumulative.

Investigate the use of a dynamicmodel of how a person’s labor market exposures are shaped by
social contexts in working life.

Identify how to operationalize precariousness in employment studies.
Determine the extent of risk of adverse effects to workers from nonstandard work arrangements.

Identify how to effectively communicate the burden of adverse effects in the working-life
continuum to influence decision-makers.

Examine how to develop burden indicators of distress.

Broaden the understanding of the working-life continuum in the occupational safety and health
field.

Well-Being as an Indicator

Identify major determinants of well-being.
Determine how well-being can be assessed across groups and times.

Determine how occupational health practitioners could influence formation of well-paying jobs
for workers.

Determine whether traditional quantitative risk assessment methods are useful in assessing well-
being in an occupational setting.

Identify factors that promote well-being in workers.

Determine how best to operationalize well-being for use in burden and other research
assessments.

Identify how to integrate various sources of well-being data.
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WORKER'’S
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- Disability « Economic losses « Economic losses

« Community strain
« Inability of workers
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« Loss of ability to perform
family and social roles
« Depression

« Economic loss
(long-term earnings)
« Living and working with pain

« Loss of contribution to « Anxiety
community life « Impaired relationships
« Loss of opportunities - Divorce
« Emotional impact .
Burden of Occupational
and Work-Related
Injury, Disease, Distress
EMPLOYER SOCIETY
« Direct medical costs « Increased percentage of GDP
« Vocational rehabilitation expenses « Workers compensation costs borne
« Pensions and wage replacement by medical insurance
« Indirect costs (productivity) « Higher consumer prices
- Production interruption « Discreased productivity
- Accident investigation « Loss of human capital
- Recruiting and training « Instability due to large numbers of
replacement precarious workers
. Social Security disability insurance
FIGURE 1.

Multiple Domains of Burden of Work-Related Injury, Disease, and Distress
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